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Angiograms results. CTA showing a lesion protrud-
ed from the origin of the right Internal carotid artery
(ICA) wall into the lumen, causing mild stenosis
(A). Right cervical ICA angiogram showing the
same finding in CTA with a flow stagnation in the
late phase (B and C). CTA: Computed Tomo-
graphic Angiography, ICA: Internal carotid artery.
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CFD analysis results. A vortex (arrow) can be seen at the distal
part of the lesion (A). Areas with wall shear stress below 0.41
Pa are in light blue (arrow), indicating the likelihood of throm-
bus formation in these areas (B). Areas with a shear rate below
0.54 Pa are in yellow-green (arrow), indicating the likelihood of
thrombus formation in these areas (C). CFD: Computational
Fluid Dynamics. Pa: Pascal.
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We present a patient with a carotid web lesion
whose blood flow pattern was analyzed using
computational fluid dynamics (CFD). A 37-year-
old female with no medical history was referred
to our hospital due to transient left arm weakness
and left-unilateral spatial neglect. On
examination, she had no apparent neurologic
deficit, but Diffusion Weighted Image (DWI)
showed signs of acute cerebral infarction in the
right parieto-temporal region, assumed to be
from a thromboembolic source. We conducted a
thorough examination to identify the source of
the emboli, but nothing was detected.
Accordingly, she was treated as an Embolic
Stroke of Undetermined Source (ESUS). Later,
we did a Computed Tomographic Angiography
(CTA), which showed a lesion protruded from
the wall at the origin of the right Internal carotid
artery (ICA) into its lumen, causing mild
stenosis. Furthermore, a right cervical ICA
angiogram shared a similar result and confirmed

a flow stagnation in the late phase.
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The lesion characteristics were consistent with
the diagnosis of the carotid web. CFD analysis of
the blood flow pattern caused by the carotid web
revealed a velocity drop and a vortex formation
in the lesion’s distal area considered to harbor
the hemodynamic environment for thrombus
formation. Following the diagnosis, the patient
underwent Carotid Endarterectomy (CEA), and
after seven months of follow-up, no new events
of cerebral infarction was reported.

There is still no evidence-based treatment
guideline for the carotid web lesion, but CFD
may be a useful tool to consider in its diagnosis
and treatment planning.
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stroke, carotid endarterectomy
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Carotid web JiHZ £ 1% 1973 4E 12 K. Jack Momose 512 & o THI®O THEG S vz
WETHY Y, PEBIIREM IR BV TG MIEC RN T 297 70— 270
HkE AT oML EIET ™. Carotid web 2813505 OMBIIRSAHZL & 3 RL D,
BEORZETYH, WZEL — 8RR M7 1E (transient ischemic attack @ TIA)
BLDET2OMBE 22 . F 72 Carotid web 7% 13 £ 4EVERRE 22 D 72 I A
D=2 L ENTVHAY > TV BWICHEST 2R DS <, AR ok
JE (embolic stroke of undetermined source : ESUS) & L CHEBEINTWE T L
b\, G, FAIIZWICTEE L7z carotid web FRZEICHE D A 4EVERAT ZE O —
ZREER L, BT (computational fluid dynamics : CFD) % M\ 7z Ifilf& 7
BB S 2R 24T o 72O T T 5.

I.EE #I

B 37
WEAERE © Bt L.
S O Sl o 3 A

BUWIE © 2R OBEEEE BB & 72 P22 M AL 2 320, SRR R SRR
n, UEENFEEEE L 2o 7.

ABEIRBUGE - #E8 © FCRHRE T B R P 22 A & v oo ZREIRIETH R L, Sk
BB I IZ B & 20 22 PR I & FE R X FR D 7 o o 720 2K B B @ A B computed
tomography (CT) TIEREHLIIBMTE S, TIA T TALAL EEET
ELCTABEMFEZ MG L7z, ABEH O CT CTHAMIBHEE & A7 A THEE (TR0
%8872, DEEP magnetic resonance imaging (MRI) @ diffusion weighted image
(DWD) Ti&, FHEE SR E O 2 #8072 (Fig. 1A).

BZEDERALA & I NHBBNRCR D ZERMUAIIE L Z X b 2720, ERIEREKED7:
WAL % B L 7274%, magnetic resonance angiography (MRA) T EEIR
e EOREITRIZBE ST (Fig 1B, ©), Bk 2 — T BEHLIIHK
MENehol, HWEELTI—, 12FELEN, FVy—L0EMNTITONER
BIITRR T E o /e, o2 1%, PuY) Y IREPURERR, A8 95
B, OB, ERMmMEERRNL SRS DX ) ESUS & Z#rL,
PU/ R (7 v ¥ B LVHLA]) % MifT L7z, 45 18 % H IS S8k sR H i1
KENWRE 2> HEEZNIME @ CT angiography (CTA) ZtifrL7z& 25, KEIRS

H S

T
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Fig. 1

Radiological studies. DWI showing high-intensity
areas in the right parieto-temporal region (A). In-
tracranial and cervical MRA could not confirm ste-
nosis in both anterior and posterior cerebral circu-
lation (B and C). DWI: Diffusion-Weighted Image,
MRA: Magnetic Resonance Angiography.

ZIZEIIRREAL 23D T, AFHEHBINRIC S Ak L% E OB IR L2 ALI3F2
Do 7z, MAENIEICEHT 28 3 mm KOFRWEMEILE S N7z (Fig. 2A). i
FWEHATIE, CTA LFMROIFE L, ZOEME T 9 - i % 79, carotid
web JHZ L W L7 (Fig. 2B, C).

AAERITIX CFD % H\W T carotid web W22 BT 5 MARTZE O W HEMEIZ D W T
it L7z. CFD : CTA @ DICOM 2* & Mimics 160 (Materialise) % fi\»CHE#H
A AR Z e L, ANSYS ICEM CFD19.0 (ANSYS) Tk & HIEAR DK T
ZUERC L7z A D NS N o A B R SHB IR ML 5 C©, MRS U7z
MmszikeE Lz, HINEEE & L time step 0.0001 B D IEE HE N 2 47V, il
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BRI B 5 AW IS (wall shear stress : WSS) &, B AW #HE (shear

rate : SR) % & L 7-.

Fig. 2

Angiograms results. CTA showing a lesion protruded from the
origin of the right Internal carotid artery (ICA) wall into the
lumen, causing mild stenosis (A). Right cervical ICA angio-
gram showing the same finding in CTA with a flow stagnation
in the late phase (B and C). CTA: Computed Tomographic
Angiography, ICA: Internal carotid artery.

3D streamlines Tl carotid web J#HZ D a7
(LGB &I & 7R 7 (Fig. 3A). 72
eI FE 7 ¥ TR % & carotid web JHZE A
T, v WSS & SR ¥@igE s 7z, Scott C.
Corbett b OHEBERFER FRIRBITIE, 041Pa Ky
D WSS & 54/s KD SR % 783 % #if Tl A2
PR ENR T VE SR TV LAY, KAEH O
carotid web JHZE AL RIS I3\ T 2 D FLHE % 3§ 72
3 WSS & SR % S v (Fig. 3B, C), [MHTEHL
DIMATII AR BRI A W7z T L E 2 b,

CFD O, ZEARVEMMEZER, carotid web
BRI BT B MARTEIEAE N T 5 EHEZE L,
55 359 HIZ [AFRZE L0t L CSHBIR PRI B (carotid
endarterectomy : CEA) % Jiif7T L 7-.

irh R 2 BB IR IER I3 IR AL 7 E D BR
BALEZER 79— 27137807, #3mm KoK

CFD analysis results. A vortex (arrow) can be seen at the distal part of the
lesion (A). Areas with wall shear stress below 0.41 Pa are in light blue (arrow),
indicating the likelihood of thrombus formation in these areas (B). Areas with
a shear rate below 0.54 Pa are in yellow-green (arrow), indicating the likeli-
hood of thrombus formation in these areas (C). CFD: Computational Fluid

Dynamics. Pa: Pascal.
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BORENZEHIHAL & 78072 (Fig. 4A). [FHFHZIIEI S 22 AR DA 13580 5 e
Dol HEBOMAENE L OBEFER TRYGZ 2 YIER L 72 (Fig. 4B).

IWBLRSWE - WA L5 mm T, #AMERPERLER O8I X U FL.OHARICIEE L T
Wz (Fig. 4C). BEIERCAIKALIZEED HNY, WIBURZRI O TERIER & LTF
JELBRWETH - 72

WrtRAEBIL BAFC, Mtk 3 4 A Chull/MigEkidib & L, Witk 7 7 A DR T
IR ZE A 13 2 CHBRICTRBBIZT TH 5.

n. % 2

Carotid web JRZ 25 E XN TH 5K 50 FEAM T 5205, FBAMEIZEL, #HiE
EAS D, ZOEKRRHRED R TH 2 2. SRR s 5 Y0 B
EQMWMEKHENLILbH Y >, AEHTHHAHTRIST “MEFHBE O
MEMGVERSA" L FMORERIE SN TS, @, MERY 2 HE R B E ©
13 90% 13 ZMTH Y ', carotid web FHEITB VT L LIV EHEZ R TS
SR U LS, REOHMETREMOEAIL 3% TH o 72T LW
bHs "

FIAERICE LTI, RO & ICHBRIEEE ISV E STV, fEFEED
carotid web #iZE DV IIMERNL 383 ~ 467 MBS THEY * 1P BT, MR
BRI, R E Vol —RIRBED ) 25 28 SHhOWEEFISWS P

Carotid web JHZ BT 2 HIRHRICEH L TZW L 22525 0, 5 RAH O
MR TIA OGO 89 ~ 37% b Lid s EME I Twan™ W fmRcHL

Fig. 4

Intraoperative views and histopathological speci-
men. The arrow is pointing to the fibrous carotid
web lesion (A). The lesion was resected at the
border of the white-yellow intima (B). Hematox-
ylin and eosin staining of the excised lesion’s
specimen confirmed the fibromuscular tissue pro-
liferation in the vessel wall intima (C).
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THERIID R, BAELFEFITRCONBIRTH L. TOHERE LT, WEH
HORAEDHREDNE L %L, WEBKRD /MW OREDHRBPHETH S Z L3
2IFSN5 S Y FEBIOHIZIE MRA REBINRT 2 — CTHW T X ZIEH b B 5 75,
FORFEIELS, S DR THRINT 2 2 EAHEEETH 2 ™ . Carotid web %
EOBRMIZIE, WIMFHREREN TV EAF v F—FEEhTEBY, CTA LR
R RV & S * T 10 W AgERICY, MRA RHEBIIRT 2 — T3S 5
IR ETEY, CTAIWZTIENEIZZET 2HWE D 5 carotid web JWE %
eV, WMIMEREZHITIA2Z L koT.

ML R Z BT carotid web JHZEIC X B LR D 9 - Wi R MR D35 % 3§88 72
BCid, ShSICE 2MBRTEERAS TSNS 1Y RIEBNC BT b B
WCTREEMEBOMGE ) > WA RO B, TN DR SN2 X 5 ERAE
EEZ 2 b7z, FEOHICE, Mo BRSO E 2R, MR
RAWT 200550, REGITRATHITR CMBRONH G TS 2d o7

Carotid web JHZICB T 2WHETA I A4 YR EF Vv ZTHIK S CHEET,
HHACE LT R fREHE v, LA L, PUlil/MEHRE T ORMBEZE R TIA D5
BT 20 ~ T14% &5 HMED H 0 Y, AR L CIRARHETIETH 5 &
EZROND. FoPUEEBEICET 205130 s, UlMIGERE R B L
THREREZ T 572 L 2AHTHoz L WIMEDLH LY. —F, HBIRAT
> MEREMT (carotid artery stenting : CAS) % CEA 7 E DAV ERICE T 5
BRI EIFTH Y YO Y W LB 2B TR ORISR TIA O
DOFE L. HEIRPETH S 2 LSV, FEBEEHRZEICE L I3RS
HWNAZZRLTHIVEZEZONE. KEFNIFEFETH Y, MR BB i D 1%
Tholz7z®, CAS T3 %<, il IMEEZ I TE % CEA Z®IRL 72

AIEF)TIE CFD Z WA Z & T, MR EHET S L3 T& 7. Carotid
web JRZIZB W TR Z X 72 LA 0255 2 LT, SENBEMNAZ
B L08R EDEBTHORED N R B RN D 5. F 7 HEAE MR
ZIZHLTY, CFDA#HWwAZ & T, meEKkEFHL, HERMAETTHILT
BiZE 2 RIRICTFBEICE 2 HEED H 5. LA LA S, CED ITICIZBRANSH 1,
Scott C. Corbett 5 AR L7z 8¥E 1 jn vitro TRV B —F A4 MEOKE T D
MR E AV TF— bR ENRkETH2 Y L) HTHY, EROEKNT
R L REEDH 5. F 72 CFD TR &2 AR & D MEDSZE D S Wit
HRTHH=2— b UifRE LTHITL, SHICMEOHELZEDZEIN TN
72, EBROEMANERZR RS2 F— Ik END L. TRODORBIEIH S
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B, SHBRELDTF—F HERETHI LT, ERFIISHTEX2WEEEEZH . 5%
TEFRDOEREIC L VB RBEES A I v 7R ik E2Bat L T BEND 5.
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W IZ TR L 72 carotid web IR RE D B FEEMZED — I %2 #£Ek L 72. CFD
#H\Wb Z & T, carotid web JRZEIC BT 5 MBS HELE S, ZERVENIEZED
FHE %2 57z, Carotid web IRZICBWT CFD Z Wb Z L 25, BEiE%
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